A nterior approaches to the lumbar spine have substantially increased over the past decade. 2 The anterior approach is associated with rare but devastating limb-threatening vascular ischemic events. 13 This is due to the diminution of arterial flow during iliac artery retraction, which is necessary for safe exposure, but can cause arterial obstruction. This can lead to thrombosis or embolic phenomena, with a reported incidence of up to 0.9%. 7 There have been more than 20 reported cases of common iliac artery thrombosis, predominantly involving abbreviatioNS ACT = activated clotting time; ALIF = anterior lumbar interbody fusion; AMAV = anterior Maverick; DVT = deep venous thrombosis; EBL = estimated blood loss; PLL = posterior longitudinal ligament; rhBMP-2 = recombinant human bone morphogenetic protein-2; TDR = total disc replacement.
the left common iliac artery. 1, 3, 5, 7, 8, [10] [11] [12] [13] 16 To prevent iliac artery thrombosis, heparin can be administered when the retraction causes arterial obstruction. There is concern that this will increase the procedural blood loss. The aim of this study was to examine whether intraoperative heparin can be administered without increasing blood loss in anterior lumbar spine surgery.
methods
Between January 2009 and June 2014, we undertook a prospective study of consecutive anterior approaches for lumbar spine surgery performed by a single vascular surgeon (M.C.) and a single spine surgeon (G.M.). Patients underwent an anterior lumbar interbody fusion (ALIF) at L4-5 and/or L5-S1, a total disc replacement (TDR) at L4-5 and/or L5-S1, or a hybrid procedure with a TDR at L4-5 and an ALIF at L5-S1. Indications for surgery were severe discogenic pain, radiculopathy, or Grade 1-2 degenerative or isthmic spondylolisthesis. Exclusion criteria were greater than 2-level disc disease, Grade 3-4 spondylolisthesis, significant iliac artery pathology (heavy calcification, aneurysmal and severe stenosing atherosclerotic disease), morbid obesity (Body Mass Index > 35), previous complex/extensive retroperitoneal surgery, and abdominal/pelvic radiotherapy.
Patients underwent a preoperative abdominal duplex ultrasound scan of the abdominal and iliac major vessels to exclude vascular anomalies, severe atheromatous disease, and calcification. If the duplex scan was poor in quality or a possible abnormality was detected, a CT angiogram was performed.
A right lower transverse muscle-sparing incision with a right-sided retroperitoneal approach was used to access the L5-S1 level. A midline lower abdominal incision with a left-sided retroperitoneal approach was used to access the L4-5 level or multiple levels.
The Omni-Tract (Omni-Tract Surgical) Wishbone Style table-mounted abdominal retractor was used to facilitate access; this was combined with the use of vessel retraction pins driven into the vertebral bodies to restrain iliac vessels. For the L4-5 level, the left common iliac vein was extensively mobilized and the left ascending lumbar vein was usually prophylactically dissected out, ligated in continuity, and divided. This was done to prevent a tearing injury to the common iliac vein due to traction on the ascending lumbar vein, potentially causing significant blood loss.
The Cell Saver 5+ Autologous Blood Recovery System (Haemonetics Corp.) was used in all cases. An independent autotransfusionist measured and recorded the blood loss collected in the cell saver, and an estimate was made of any additional blood loss not collected in the cell saver (such as gauze swabs). A pulse oximeter was placed on the great toes bilaterally; the presence of a signal and its amplitude was monitored as an indicator of significant iliac artery obstruction.
A single dose of unfractionated heparin (heparin sulfate, Baxter) was administered intravenously if the pulse oximeter signal was compromised. After all retractors and vessel retraction pins were in their final position to achieve the required exposure, the vascular surgeon inspected the waveform from each pulse oximeter. If the waveform was severely diminished (i.e., markedly reduced amplitude with flattened waveform) or completely absent (the more common scenario), a dose of 50-75 U/kg of heparin was administered to achieve therapeutic anticoagulation for at least 30 minutes. We previously found this to be effective in achieving anticoagulation as confirmed by measuring activated clotting time (ACT). After completion of the spinal procedure for that level, the vessel retraction pins were removed and the retractors relaxed. The vascular surgeon re-inspected the oximeter signals to confirm return of the normal signal and waveform before the heparin was reversed with protamine sulfate (Sigma-Aldrich, Inc.). The oximeter signals returned within 1 minute of removing the obstructing retraction. Protamine was not administered if the surgical field was deemed to be dry. Hemostasis was secured with SURGICEL FIBRILLAR (Ethicon, Inc.) and FLOSEAL Hemostatic Matrix (Baxter), if required.
All patients undergoing an ALIF received a single, separate impacted polyetheretherketone (PEEK) cage (Perimeter, Medtronic, Inc.) filled with recombinant human bone morphogenetic protein-2 (rhBMP-2) applied to an absorbable collagen sponge (Infuse; Medtronic, Inc.), per level. An anterior titanium buttress plate (Pyramid, Medtronic, Inc.) fixed the cage. A layer of SURGICEL was then placed over the ALIF construct.
For a TDR, patients received an anterior Maverick device (AMAV; Medtronic, Inc.). The superior and inferior endplates have keels to resist translation. A total discectomy with resection of the posterior anulus was undertaken, and the posterior longitudinal ligament (PLL) was disrupted to allow for mobilization of the disc space. The cartilaginous endplates were removed, and the size of the prosthesis was estimated using trials. A keel cut was made through the superior and inferior endplates, and then the device was inserted with the keels anchoring into the keel cuts as a press fit. A hybrid construct comprised an AMAV at L4-5 and an ALIF at L5-S1. Prior to closure, the pulse status of each foot was assessed to ensure no arterial intervention was required.
Venous thromboembolic prophylaxis was always used intraoperatively with intermittent pneumatic calf compressions and thromboembolic deterrent stockings (T.E.D. anti-embolism stockings, Covidien); and postoperatively with T.E.D. anti-embolism stockings, enoxaparin (Clexane, Sanofi-Aventis), and early mobilization. In patients thought to be at higher risk of deep venous thrombosis (DVT), intermittent pneumatic compression devices were also used postoperatively.
Statistical analysis was carried out using Microsoft Excel (Microsoft Office 2010) and included independent samples t-tests, Fisher's exact tests, and multiple linear regression, with statistical significance measured at p < 0.05.
results
The cohort consisted of 188 patients who underwent anterior lumbar spine surgery. The mean age was 41.7 years (range 21-73 years), and 96 patients (51.1%) were male. The primary diagnoses were discogenic pain in 90 patients (47.9%), degenerative disc disease in 52 (27.7%), spondylolisthesis in 24 (12.8%), herniated nucleus pulposus in 14 (7.4%), stenosis in 5 (2.7%), pseudarthrosis in 2 (1.1%), and adjacent-segment disease in 1 (0.5%). Eightyfour patients (44.7%) had an ALIF, 57 (30.3%) had an AMAV, and 47 (25.0%) had a hybrid operation with an AMAV at L4-5 and an ALIF at L5-S1. A total of 242 levels were treated with a mean of 1.3 levels treated per patient. One hundred thirty-four patients (71.3%) underwent a single-level procedure (26.9% L4-5 and 73.1% L5-S1) and 54 (28.7%) underwent a 2-level procedure (L4-5 and L5-S1). Seventy-two patients (38.3%) received heparinization intraoperatively. Heparin was predominantly administered during hybrid procedures (68.1%; 32/47), followed by AMAV (49.1%; 28/57) and ALIF (14.3%; 12/84). The L4-5 level required heparin in 80.6% (29/36) of cases, compared with only 5.1% (5/98) at L5-S1. Patients received heparin in 25.4% (34/134) of 1-level procedures and 70.4% (38/54) of 2-level procedures. A summary of patient demographics and treatment information for the heparin and nonheparin groups is provided in Table 1 .
In our series, the oximeter signals in all patients returned after release of the retraction. We reported no intraoperative ischemic vascular complications. There were no incidences of heparin-induced thrombocytopenia (HIT) or complications after the administration of protamine. There was 1 postoperative DVT.
Across all patients, there were 62 (33.0%) minor vascular injuries (defined as blood loss < 150 ml from a single vessel injury, usually when an unrecognized branch from the common iliac vein was avulsed when the vein was retracted): 12 injuries (14.3%) in patients with ALIF, 19 (33.3%) in those with AMAV, and 31 (66.0%) in those who underwent hybrid procedures. Overall, there were 20/36 (55.6%) injuries at L4-5 (6/8 ALIF and 14/28 AMAV) and 10/98 (10.2%) at L5-S1 (6/71 ALIF and 4/27 AMAV); this difference was statistically significant (p = 0.0001).
The mean estimated blood loss (EBL) for the prosthesis used, number of levels, and levels treated is provided in Table 2 . Overall, the mean EBL was 389.7 ml (range 30-1550 ml) in the heparin group and 160.5 ml (range 10-1400 ml) in the nonheparin group; this difference was statistically significant (p < 0.0001). Across all variables, the heparin group had greater blood loss than the nonheparin group; however, these differences were not statistically significant (p > 0.05), except in single-level procedures (p = 0.0001). This was because the comparison was predominantly between L4-5 and L5-S1, with 85.3% of the heparin group having surgery at L4-5 compared with 93.0% of the nonheparin group having surgery at L5-S1. When comparing the overall (heparin and nonheparin) mean EBL for L4-5 and L5-S1, the L4-5 level was associated with higher blood loss (384.9 ml; range 20-1420 ml) compared with L5-S1 (111.4 ml; range 10-900 ml); this difference was statistically significant (p < 0.0001).
The highest blood loss occurred in hybrid procedures (448.1 ml; range 40-1550 ml), followed by AMAV (302.5 ml; range 10-1420 ml), with the lowest being ALIF (99.7 ml; range 10-900 ml). There were statistically significant differences between the mean EBL of ALIF compared with AMAV and hybrid (p < 0.0001), but not between AMAV and hybrid.
Multiple linear regression was used to determine whether heparin, prosthesis used, and/or level treated had an effect on blood loss. The number of levels treated was excluded from the model due to multicollinearity with prosthesis used and level. The results of the multiple regression (Table 3) show that the prosthesis used and level treated were significant in blood loss (p < 0.05), but heparin use was not (p = 0.5188). Heparin was found to be significant in the t-test but not in the multiple regression because the prosthesis type and level had more variance than heparin, which was being averaged over all the variables. This resulted in a higher overall average variance, making the heparin appear significant when the variance was actually due to the prosthesis type and level, as shown in the regression analysis.
discussion
This study provides Class III evidence that the administration of heparin does not affect the blood loss in anterior lumbar spine surgery. Heparin was predominantly administered during hybrid operations (68.1%), in 2-level procedures (70.4%), and for the L4-5 level (80.6%).
The overall EBL for the heparin group was significantly higher than for the nonheparin group (p < 0.0001); however, when all variables were analyzed in the multiple linear regression, only the prosthesis used and level treated were found to be significant in blood loss (p < 0.05).
The highest blood loss occurred in hybrid procedures, followed by AMAV and then ALIF. The blood loss for 2-level procedures was also higher than for single level. AMAV, hybrid, and 2-level procedures are more time consuming and technically complex, requiring greater vessel mobilization and more extensive retroperitoneal dissection. These factors can result in greater blood loss.
An ALIF was found to have significantly less blood loss than an AMAV (p < 0.0001); this difference may be secondary to brisk bleeding from keel cuts during insertion of the AMAV device. The TDR procedure also requires disruption of the PLL to allow for mobilization of the segmental level, which may contribute to the increase in blood loss. Our finding is consistent with a prospective, randomized, controlled, multicenter trial published by Gornet et al., 4 which showed that patients undergoing AMAV procedures had a statistically significant increase in mean blood loss (p < 0.001) as well as mean operating time (p < 0.001). These differences were thought to be the result of increased technical difficulty of the TDR procedure, keel cuts, and PLL disruption, as discussed above.
The L4-5 level was associated with significantly high-er blood loss compared with L5-S1 (p < 0.0001). Vascular injuries occur more commonly when exposing the L4-5 level; this was reported by Brau et al., 3 with 92% of venous injuries occurring during L4-5 surgery. Many studies similarly report a significantly higher blood loss at the L4-5 level compared with L5-S1. 6, 18, 19, 21 Exposure at L4-5 requires mobilization of the great vessels, which can lead to inadvertent vascular injuries; in particular, these include left common iliac vein laceration and avulsion of the iliolumbar vein from the common iliac vein. 7 Exposure of the L5-S1 level is usually performed distal to the aortic and vena cava bifurcations. This requires less mobilization and retraction of the vessels, resulting in fewer vascular injuries. 7 We report significantly more minor venous injuries at L4-5 (55.6%; 20/36) compared with L5-S1 (10.2%; 10/98) (p = 0.0001).
The decision to administer heparin was made after exposure of the target spinal level was complete, prior to commencement of any spinal procedure. Any bleeding encountered up to this point is of vascular origin and should be controlled with mechanical or suture ligation, yielding a dry field before assessment of the oximeter signals. The spinal procedure was not commenced until excellent hemostasis was secured. There were no intraoperative ischemic vascular complications in our series. We have previously reported on the complication rates of performing anterior lumbar spine surgery with rhBMP-2. 15 We found no complications related to the administration of heparin and protamine. Heparin is widely used in the perioperative period for the prevention of thromboembolic events. 14 Increased bleeding is a common complication of heparin use, with a reported incidence of between 0% and 27%. 16, 17 Heparin-induced thrombocytopenia (HIT) is a serious complication of heparin therapy, which is mediated by antibodies to a complex of heparin and platelet factor 4. 14 It occurs in approximately 0.5% of medical patients managed with heparin and results in a prothrombotic state that can lead to serious thrombotic events including DVT, pulmonary embolism, myocardial infarction, and stroke. 20 Protamine is an agent that reverses heparin-induced anticoagulation. 20 Adverse hemodynamic effects related to protamine administration range from transient hypotension (related to histamine release) to acute pulmonary hypertension. The most serious of these adverse effects, acute pulmonary hypertension, is a rare but life-threatening reaction, with 6 cases reported in the literature and an incidence of 0.06%. 9 Our study prospectively assessed the blood loss caused by intraoperative heparin usage in anterior lumbar spine surgery. An independent autotransfusionist accurately measured intraoperative blood loss. A limitation of the current study is that the anticoagulation effect was not measured individually in the study (for example, by ACT). We used a range of heparin dosages to permit flexibility in the duration of anticoagulation depending on the projected time for completion of the spinal procedure. We also acknowledge that our study is underpowered to examine the effectiveness of heparin in preventing vascular ischemic events. Multiple linear regression was used for statistical analysis rather than a t-test because the former was able to model the relationship of heparin, prosthesis, and level with blood loss. Heparin was found to be significant in the t-test, but not in the multiple regression. The prosthesis type and level had greater variance than heparin, which was being averaged over all the variables; this resulted in heparin appearing significant in the t-test when the variance was actually due to the prosthesis type and level, as shown in the regression analysis. The limitation of using multiple linear regression in our study was that the number of levels treated had to be excluded from the model due to multicollinearity with the prosthesis used and level.
conclusions
During anterior exposure for lumbar spine surgery, the administration of heparin does not significantly increase the blood loss. The prosthesis used and level treated were found to significantly increase blood loss, with TDR and the L4-5 level having greater blood loss compared with ALIF and L5-S1, respectively. Heparin can be administered safely to help prevent thrombotic intraoperative vascular complications without increased blood loss.
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